We recently reported (1) that a strong specific cell-mediated cytotoxic (CMC) response was generated in mice inoculated with a strain of attenuated rabies virus, or with an inactivated rabies virus vaccine. This response was dependent on thymus-derived lymphocytes (T cells), and was severely depressed by the prior inoculation of mice with anti-rabies antibody. We have now attempted to reproduce this CMC response using several other attenuated and virulent (street) strains of rabies virus. The level of T-cell effector function was found to be directly correlated with survival. Furthermore, concurrent infections with street rabies virus and influenza virus suppressed the development of a primary CMC response specific for influenza virus.
Results
Groups of C57BL/6 mice were inoculated i.c. with 100 PFU of HEP, 100 PFU of ERA, or 1,000 LDfo of street virus. No signs of disease were apparent after infection with HEP. Transient neurological signs occurred after exposure to ERA but, despite a 30% drop in body weight between 7 and 11 days postinfection (p.i.), all mice survived for the 60-day observation period. Mice given street virus showed evidence of neuronal dysfunction at 8 days p.i., were paralyzed 2 days later and died on day 12 p.i. The first clinical evidence of disease was a 20% loss of body weight between days 5 and 6 p.i. Mice had lost as much as 40% of their original weight at time of death, and spleen size was decreased proportionally.
The kinetics and magnitude of antibody production were similar for all three viruses, and could not be correlated with the severity of disease (Fig. 1 ). Significant cytotoxic T-cell responses were generated after nonfatal infection with HEP and ERA. Lysis was maximal on day 7 in both infections (Fig. 1 ). However little, if any, CMC response was seen in mice given street virus. Development of fatal rabies is thus directly associated with defective T-cell responsiveness. Similar results were observed after inoculation of mice with 106 or 104 PFU of HEP and ERA viruses and with 10 LDfo of AF-SG street virus and after inoculation of three other virulent strains of rabies virus (data not shown).
To determine if this depression of CMC by street virus was specific for rabies, B10.A mice were injected i.c. with 1,000 PFU of HEP virus or 1,000 LDfo of street virus. Rabies-infected mice and normal controls were then inoculated i.p. 48 h later with 200 HA U of the HKX31 strain of influenza virus. The mice were killed on day 7 p.i. at the peak of the influenza-specific T-cell response (6) . Prior exposure to HEP apparently did not modify CMC resulting from inoculation with HK, whereas little, if any, effector function occurred in mice given street virus (Fig. 2) . The influenza-immune T cells (6) mediated lysis of target cells infected with the PR8 type A influenza viruses ( Fig. 2 b) , but there was no crossreactivity of CMC between influenza and rabies (Table I) .
Furthermore, the T-cell response resulting from immunization with influenza virus was suppressed by street rabies virus given as late as 1 day after exposure to PR8 (Table I) . Secondary CMC resulting from cross-challenge with two different influenza A viruses (6) was, however, unaffected by concurrent infection with street rabies virus (Table II) .
Discussion
Experiments with poxviruses and arenaviruses have shown that development of an inflammatory process and clearance of virus in vivo depend on the same subset ofT cells that causes CMC in vitro (7) (8) (9) . Intracerebral injection of street rabies virus does not induce the development of cytotoxic T cells, generates little inflammation (10) , and leads to a uniformly fatal neurological disease. Conversely, the attenuated HEP and ERA rabies viruses are not lethal for C57BL/6 mice and are associated with a strong CMC response. It thus seems likely that fatal rabies infection reflects defective operation of the cell-mediated immunity (CMI) protective mechanisms (11) . fluenza virus. Interferon levels are no higher aider infection with virulent than attenuated rabies virus (14, 15) . Perhaps the answer lies in the fact that spleen size is greatly reduced in mice exposed to rabies street virus. This does not occur with the ERA or HEP strains. Does this reflect some defect at the level of stimulator cells, even though there is evidence that rabies virus does not replicate in spleen (16) and the rabies-specific antibody response is normal? The secondary influenza-specific T-cell response, which is unaffected by concurrent infection with street virus, probably requires a much smaller antigenic stimulus (17) . Are we considering some general physiological effect of virus-induced neuronal dysfunction? Elucidation of the underlying mechanisms may allow manipulation of the immune response to benefit the host. Summary Mice lethally infected with street rabies virus failed to develop cytotoxic T cells specific for rabies virus-infected target cells, whereas high levels of cellmediated cytotoxicity (CMC) were generated after nonfatal infection with the attenuated high egg passage (HEP) or ERA rabies virus strains. Furthermore concurrent infection with street, but not with HEP, rabies virus suppresses development of a primary (but not a secondary) CMC response specific for influenza virus. No cross-reactivity is found between effector T-cell populations from mice immunized with HEP or with influenza virus. It thus appears that street rabies virus, which is not known to replicate in the cells of immune system, induces some general defect in the primary CMC lymphocyte response, though restimulation of memory T-cell populations is unimpaired and there is no defect in antibody formation. Development of fatal rabies may reflect the operation of this selective immunosuppressive mechanism.
FIG. 2. Suppression of the influenza-immune T-cell response by concurrent infection with street rabies virus: B10.A mice were infected i.c. with 1,000 PFU of HEP-BHK (O) or 1,000 LDso of AG-SG street virus (O). 2 days later rabies virus-infected mice and uninfected

